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THE Eco-Technology Symposium
“Paradigm Shift in the 21st Century”

First Part-Keynote Speeches
Eco-technology and Sustainable Development

Professor Umberto Colombo

Chairman of Science Board, ENI-Enrico Mattei, Foundation

Rector Magnificos of the United Nations University, Mr. Chairman, Ladies and
Gentlemen:

First of all, I should like to express my heartfelt thanks to the Honda Foundation for in-
viting me to participate in today’s symposium, and most important to attend yesterday’s
Ceremony of Award of the 15th Honda Prize to Professor Benoit Mandelbrot.

The Award this year to such a distinguished international scientist makes all of us mem-
bers of the family of laureates of the Honda Prize feel very proud indeed. I am also grateful
to the Honda Foundation because this is for me the first opportunity to be in the headquar-
ters of the United Nations University of whose Council I have served for 6 years until about
3 years ago after completion of this magnificent building and masterpiece of modern

Japanese architecture.

The subject which was assigned to me is “Eco-technology and Sustainable Development.”

Growing preoccupation over the degradation of the environment, both at the local and at
the global scale, has drawn attention towards Eco-technology, that is , technology which is
in harmony with ecology and therefore allows us to contribute long term to the sustainability
of development. The issue at stake for us is to continue and indeed improve economic stan-
dards and the quality of life without prejudice for future generations. Emphasis in Eco-
technology is on preventing waste and harm to the environment, rather than in repairing the

damage once it has been made.

Sustainability therefore implies saving non-renewable resources, such as fossil fuels and
raw materials, and limiting the quantity of wastes which are produced and cannot be recy-
cled, in particular those which are toxic or otherwise harmful. The environment is itself a fi-
nite resource, which is only in part renewable: it has a limited carrying capacity, in the sense
that it can absorb a limited amount of pollution and heal the damage suffered, but once a cer-
tain threshold is surpassed, it suffers damage which is often irreversible. The same is true for
the preservation of ecosystems and biodiversity, and for the stability of the global climate

against a man-enhanced greenhouse effect.

The trend towards Eco-technology is to a large extent inherent in the progress of advanced
industrialised societies away from quantity towards quality. Eco-technology uses less mate-
rials, and in particular less scarce materials. Many examples of the trend toward Eco-

technology can be given. Miniaturisation, for instance, not only concerns microelectronics (a
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very well known case) ; with the adgzent of nanotechnologies, it is increasingly penetrating the
field of machinery as well as that of bioengineering. The reduction in weight due to new ma-
terials and improved design is sometimes dramatic: the weight-to-power ratio for locomo-
tives has decreased by a factor 80 in the last 180 years. A similar (although less spectacular)
reduction may be experienced in the future by automobiles, with the advent of ultra-light
“supercars”, based on advanced composite materials. A much greater and faster weight and

size reduction has of course occurred with computers.

In some cases, entirely new technical solutions allow us to avoid altogether the use of po-
tentially scarce materials: optical fibres replace copper cables in telecommunications, and

the even more immaterial use of electromagnetic waves is also an option.

New technologies also use less energy: directly, because they reduce unnecessary losses,
improve “housekeeping” procedures, recover waste heat, or employ entirely novel processes;

and indirectly because they employ less materials reducing their overall energy content.

It is now possible to substitute technology for material inputs, quality for quantity. This
trend, together with shifts in demand away from material-intensive products toward services
and immaterial goods, is responsible for the process of “dematerialisation” which is taking
place in advanced industrial economies, evolving towards a post-industrial society dominated

by information and communications.

Economics has been driving dematerialisation. This is not direct cause and effect. In fact
the price (in real terms) of most raw materials has been constantly decreasing, rather than
increasing as one might expect from their finite nature and their impending scarcity.
Progress in process technologies has prompted more efficient use of materials. But the desire
to expand the volume of sales has led enterprises, especially in durable consumer goods, to
introduce in their products elements of planned obsolescence, which is clearly in contrast
with the concept of sustainability. Actions are needed to correct this short-sighted approach
be it through norms, or by internalising in the price of the products the external costs that
are borne by society as a consequence of their production, use and disposal. The environ-
mental impact that the flood of batteries that the consumer electronics industry has un-
leashed on the world is a case in point. Public awareness should be stimulated to influence de-
mand toward products which are more friendly to the environment and,“or have been pro-

duced by ecologically-sound technologies.

It is through a combination of these actions that new steps towards Eco-technology are
being taken. These include, among others, life cycle analysis of products, and increased reli-

ance on the systematic recycling of materials, parts and whole objects.
If in advanced industrialised countries the situation has encouraging features (even if it

is far from being completely satisfactory in terms of sustainability), the case of developing

countries is much worse. First, their population is rapidly expanding. Second, their per capita
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GDP is also growing in most cases, or it should be. Third, and perhaps more important, the
efficiency of the technologies employed in developing countries is lower than that of the in-
dustrial countries, as indicated by the high intensity of materials and energy, and waste gen-

eration per unit of GDP.

Let us concentrate on this: why this higher energy and materials intensity? This is in part
“physiological”. Any country going through the process of industrialisation has to build up
heavy infrastructures (factories, roads and railroads, bridges, buildings...) with associated
huge consumption of materials and energy. This, in turn, is likely to place a heavy burden on
the environment. In a later stage, the country has to satisfy a demand for basic durable
goods which are also material-intensive. Only when most of the heavy infrastructures are in
place and the demand for durable goods begins to be saturated, the process of

dematerialisation induces a decrese in the material intensity of GDP.

But in today’s developing countries, the current indices of intensity are higher than those
ever attained even in countries of recent industrialisation, such as Italy or Japan. This means
two things: one is that the most modern, efficient technologies which are available in
industrialised countries are not easily accessible to developing countries because they are ei-
ther too expensive or protected by patents and restricted know-how. The second is that the
poorest gountries and also those with a high rate of economic growth, often have other pri-

orities than long-term sustainability.

Environmental awareness is, however, rising. For instance, China is giving serious con-
sideration to the objectives and recommendations of Agenda 21 and is now trying to find
ways to alleviate the consequences of its heavy dependence on coal for energy production

(not only for electricity and industry, but also for domestic heating and even cooking).

The lack of advanced, up-to-date, efficient technologies in developing countries is often
due to the fact that aid-to-development programmes from most, if not all, advanced countries
have so far aimed at supporting their own lame-duck industries, rather than responding to
the real needs of developing countries. It therefore often happens that technologies which are

obsolete or have performed poorly end up being transferred to the Third World.

What is really needed is rather the opposite. There is no reason why countries that are
developing today should follow the development pattern of the previously industrialised coun-
tries. In fact, Japan and Italy, whose industrial development took place much later than in
countries such as the UK and the US, have made use of more efficient up-to-date technolo-
gies. The same could take place now in developing countries, where the choice of suitable Eco-
technology would be enormously beneficial. This concept is referred to as “leapfrogging” and

1s now receiving wide attention as a truly modern instrument of development.

The introduction of advanced technologies into developing countries will not happen

automatically, however. A new technology must be adapted to the environment into which it
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is transplanted in more than one way: it must respond to an effective need, it must be basi-
cally understood by the people who use it, it must be adapted to econmic and social condi-
tions and not be in contrast with the cultural background. Local traditions must be taken into
account. Furthermore, some basic infrastructure may be required and adequate maintenance

has to be assured.

All these may appear as rather stringent conditions which are difficult to be met by an
innovative technomology in a developing world context. However, this is just as true for more
traditional technologies, although it is not often taken into due account. In comparison, ad-
vanced technologies are often more user-friendly than traditional ones and can be more eas-
ily assimilated. A few examples may clarify this point. New generations in developing coun-
tries have accepted and assimilated the use of computers nearly as fast as in industrialised
countries (even if their diffusion in the market is much more limited). No one would think of
installing first- or second-generation computers in developing countries, not only because
they would be much more expensive, but also becasuse they are not so easy to maintain. A
modern, user-friendly computer is able to self-diagnose any malfunctioning and immediately
indentifies the component to be replaced. This makes maintenance very simple. It is not nec-
essary for the user to understand fully what is in a card or in a chip, or how it works.
Another example is the use of advanced gas turbines derived from the aeronautics industry
to produce electricity with high efficiency. Although the technology needed to design and fab-
ricate such a turbine is much more advanced than that employed for a conventional steam
turbine, the gas turbine itself is familiar to people who run and maintain aeroplanes using the
same component. In the event of major problems, the turbine in the generating plant can be
disconnected, lifted out and replaced in a matter of days, if not hours. The repair of a steam
turbine requires much more work to be done on site, greatly increasing down time.
Incidentally, the coupling of a biomass gassifier with such a gas turbine is one scheme for

power generation receiving much attention today, indeed a good example of Eco-technology.

The absence of technological infrastructure in place can, in some cases, be an element
favouring leap-frogging. In a sparsely inhabited region where a hard-wired telephone net-
work does not exist, it may make more sense to start directly with cellular phones which re-
quire far fewer fixed installations. The absence of an electric grid is a stimulus to consider
distributed forms of electricity generation (whenever possible, from renewable sources of en-
ergy): a trend which, for very different reasons, is now receiving increasing attention in ad-

vanced countries, even where an electric grid is alredy in place.

Opportunities may slso be exploited when dealing with the expansion of basic industry in
Third World countries. One example is the production of steel: new methods which are more
efficient, more cost-effective, flexible and environmentally attractive are now available. These
methods find less application in industrialised countries because of the current stagnation in
demand for steel, which is not encouraging expansion of production. As long as present
plants are operating below capacity, no new plants are going to be built. In contrast, in coun-

tries like China and the whole of South and South-East Asia demand for steel is growing
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rapidly, and new plants are being built every year. There should be no obstacle in principle to
adopt new processes and technologies which are more effective, and more responsive to the

environmental imperative underpinning Eco-technology.

It should be noted that Eco-technology does not necessarily originate in advanced coun-
tries. Examples can be found of new environment-friendly technologies developed in Third
World countries, which could diffuse to other developing countries. One often quoted example
is reduction of iron ore using charcoal which is common in Brazil, and which - in addition to
using a renewable resource in place of coal-yields iron with superior magnetié properties, due
to the absence of contaminants present in coal. Another example, again relative to Brazil, is
their ProAlcool programme for the production of ethanol from sugar cane to replace
petroleum-derivied fuels. Although this process is not competitive today from a purely eco-
nomic point of view, there are indications that, with the injection of some advanced technolo-
gies available in industrialised countries (in particular, energy production from waste

bagasse), it could ‘become so even at today’s low oil prices.

Another region of the world in which great advantages could be obtained by adopting
modern Eco-technology is Central and Eastern Europe including the former Soviet Union.
Also in this region, the energy and materials intensity of GDP is very high, actually much
higher than in the average developing country. Moreover, the environmental situation is heav-
ily compromised. The absence of market mechanisms and previous isolation from the ad-
vanced industrial countries in the OECD are at the origin of this situation. The artificial ac-
counting system used during the period of central planning actually discouraged efficiency.
The objectives of five-year plans for a given industry were generally assigned in terms of
weight or numbers, rather than value. It was therefore much more convenient to produce ob-
jects that were as heavy or as many as possible, independently of their true value or their en-

vironmental impact, or of demand for them.

In these countries, however, the competence of their scientists and engineers is very high,
even if many of the best of them (especially in the former USSR) were employed by the mili-
tary sector. The introduction of market mechanisms and of more stringent environmental
regulations, together with the utilisation for civilian purposes of forces which were previously
frozen in the military circuit, should greatly favour the development and application of Eco-
technology. Advanced industrial democracies can help and speed up this process, not so much
by providing scientific and technical input, as by supplying practical know-how, direct expe-

rience and organisation capabilities.

In conclusion, the development and diffusion of Eco-technology should be a first priority
objective in order to protect our global environment and climate thus shaping a sustainable
future. Although this objective concerns all the countries in the world, industrialised coun-
tries have the major responsibility. This is both because they are still responsible for the con-
sumption of the larger share of non-renewable resources and they make an unnecessarily

great contribution to environmental damage and climate instability. Moreover they have to
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hand the advanced technological know-how and the economic resources needed to lead a
global transition towards truly sustainable development. A great effort on their part to help
developing countries in this direction would be not so much an expression of altruism as an
effort to ensure a better future for the whole of Mankind. It is not possible to pursue
sustainability in isolation. One part of the Planet cannot adopt environmentally-friendly poli-
cies and hope to be immune from the impact of patterns of economic behaviour elsewhere.
The global nature of negative environmental impacts are now before our eyes. Eco-
technology is no longer an option, it is an obbligation. The sooner advanced nations embrace

its precepts, and promote them worldwide, the better for all of us.
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Harmonization of Science ~“Technology and
Human Society in the 21st Century

President Jun-ichi Nishizawa

It is often said that in the 20th century is a century of science and technology. However,
in retrospect I wonder whether the overall direction of the development of science and tech-
nology is always right. I rather doubt it.

At the time when the Malthusian’s preparation theory was advocated, when the globe
was covered by the roaming number of population, Engels (according to my memories) had
a desire of the development of technologies so that the science and technology could over-
come all the problems that the mankind may face even when the population exploded. That
was Engels expressed his expectation toward the science and technology. At that time, his
view might have been right, however, there were some other side effects at the develoment of
science and technology by polluting and destroying the environment and it is very sad fact
that there are so many pessimists about the future of the science and technology.

In the case of Japan, without the natural resources at all, even 50%§ of food that is con-
sumed by the Japanese are imported. Therefore, in return, Japan has no other resort but to
use science and tecnology and exporting its products. Because of.its over-dependence in sci-
ence and technology and despite the fact that Japan had somewhat a mispercepion about the
science and technology that was quite unfortunate.

In fact, 20th century was the century of science and technology but it is true at the same
time that the mankind committed the serious mistakes. Toward early 20th century, it was of-
ten said that around 1700 steam engine was invented followed by the invention of electricity
which was distributed to all the households by connecting the cables and now if you just turn
on the switch, you can receive the electric energy readily available.

Then came the car, using the engine combusting gasoline and then Henry Ford of the
United States developed the inexpensive car. So the steam engine invention, and electricity
and its technology and the diffusion of a number of cars used were the 3 epoch-making events
in the early centuries in the recent history.

We tend to focus on the steam engine, but rather I would like to emphasize also the sig-
nificance of the electricity and the cars which provided mankind with the convenience and
probably the value of electricity and cars may be even more significant. If I am to digress, the
3 major successes were in fact in Scotland, in the United Kingdom or the country like the
United States which was yet to enter into the member of advanced countries.

In other words, the invention or epoch-making development are often made not only the
city but rather in the countryside, we should keep that in our mind. In other words, wherever
inconvenience exists, we feel the need for innovation. That is why such epoch-making inven-

tion was made in the under-developed countries.

Since around 1900, electricity, car and steam engine were widely spread so that the per

capita cousumption of energy has increased dramatically. For instance, the per capita
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consumption of energy was increased by 100 fold in 20th century, especially since around
1900, the energy cousumption started to increase very sharply. As you can see, there is a
sharp rise and because of this, we succeeded in reducing the mortality rate drastically.

Now, if you compare this diagram with the previous one, this is 1900 and it is about the
time that increase started, that is infantry mortality rate started to decline since around
1900. And during 20th century the world population was increased by 2 fold.

According to some estimation, it seems that it is less than 2 fold increase. That means the
population increase is 10 fold whereas the energy consumption was increased by 100, that
means the per capita energy consumption was increased by 1000. Therefore, the energy that
was continuously sent by the sun for the billions of years were accumulated in the plants and
they became the fossil, turning to the fossil fuel accumulated. In other words, this is a bless-
ing of the sun and it seems that the consumption of energy by mankind in the 20th century is
so excessive that probably we may use up all the energy that was accumulated thanks to the
blessings of the sun.

That is why we finally realized as scientists that sometimes we were too careless and
reckless in consuming energy so dramatically. Such dramatic increase of use of coal and oil
resulted in the unusually climatic changes in the world. In the diagram in the bottom, the
solid line represents the coal and oil consumption and this is a logarithmic scale like the or-
dinary graph. So when this is linear, it means the increase was exponential, that is, the per
annum increase was around 1.4%. This is rather a rough approximation but it is safe to state

that the per annum growth rate was about 1.4%3.
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And now that ten billion tons of carbon dioxide are emitted. Part of them by converted
into oxygen by plants, but the rest will rise in the sky and finally accumulate in the atmos-

phere. If the amount of carbon dioxide emitted is equal to those converted to oxygen by

plants, then this line should be flat.

However, as you can see here, the emission exceeds the conversion by plants. If this line
is linear then according to some simple approximation, the curve on the top should be linear
as well. However, it is clear that it continues to rise very sharply instead of linear increase.
Around here is a rather gradual increase but eventually the increase steps up to a very sharp

one. At present, the carbon dioxide concentration is said to be around 0.34%4. According to
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mathematical analysis, the dotted line is what we get based upon this approximation. This is
exponential function and as a result, this extension, if it is true, then we would project that
in the future, by the year 2080, the concentration of carbon dioxide may be increased by ten

times and probably before 2150 the concentration of carbon dioxide reaches at 3.4%, another

10 fold increase.

I applied nothing unusual as the mathematical operation but once the concentration
reaches at 3%, the mankind will be suffocated. In other words, if they do nothing scenario is
applied, then by mid-21st or 22nd century, the mankind will be suffocated. Of course, there
are some people who attempt to counter-argue this theory, but so far such counter-argument

is more or less unfounded. If I put it differently then the earth is going back to the state of

genesis, that is, even before plants were born.
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That is, plants were accumulated in the form of fossil fuel but if they are burnt that
means that we are going back to the age before the birth of the plants. Then, before the birth
of plants, the globe was covered by the heavily dense carbon dioxide. That is why I mentioned
that the earth is going back to the state of the early phase of the genesis.

Therefore, it is certain more or less that the globe is going back to the early age of the
genesis. The single difference would be the declining temperature inside the earth instead of
rising or high temperature in the genesis. And based upon what I have mentioned I often
claim that maybe we are facing the crisis at the end of the century. According to some news-
paper, once upon a time they often claimed that the consumption was a virtue. But they went
to the extreme state in that waste is a virtue, that is if you dispose of or consume products
and goods excessively, then that can help boost up the economy. Of course, that was wrong.

We in the East tend to see Gods, the divine presence in everything. For instance, in Japan
we worship mountains, because we believe that there are Gods residing inside the mountains.
And in the East we claim that there are 808 Gods, in other words, the God resides in every
matter, in everything. That is why in the past we used to try to eliminate waste which was
rather different from the Western philosophy.

So, in the past, we didn’t dare to waste. It may be wise to review our value system and go
back to the original philosophy of the East. I had a chance to visit the tea ceremony master.
That was in winter. He pumped up the water from the well on January 1 and made the first
tea. That is because they enjoy the cold temperature at the same time as making the tea. In
other words, traditionally the Japanese did not think it wise to heat up or warm up the room
if it was cold.

In other words, the philosophical satisfaction of the East was somewhat different from
what we practice. For a long time, the Japanese as well as people of the East tended to forget
our traditional philosophy and we turned to worship the consumption and the waste. We
should reflect upon ourselves but now that we are seeing the explosive increase of population,
we have to feed them and have to seek the way to co-exist with them. It is not easy at all.

If I go back to this chart again, we need to correct the direction of this curve that is to
flatten, that is to drop this. If I put it simply, we need to drastically reduce the consumption
of the coal and oil. That is why we need to seek for alternative energy sources. The major
cause of the carbon dioxide emission is a car. If those cars are converted to electric cars, in
fact that was advocated and committed too by the car industry of the United States at pre-
sent, and they are now working the project to make the electric cars corresponding to 3% of
older cars produced and probably the Japanese car industry should emulate what our coun-
terpart is doing across the ocean.

But what if the electricity that drives the car is supplied from the power station, which
burns the fossil fuel. Then there is no major difference at all on the balance sheet. We need to
seek for other sources for making electricity. Look around the world. We will find out many
rivers that are under-utilized. What if we can make best use of the hydropower?

I did some simple calculation. According to my estimate if one percent of the water in the
rivers can be utilized for power generation, then in fact that electricity can supply the power
needed for all the population in the world. So if we succeed in the optimum utilization of the

hydropower, then we can provide power to all the population. The heaven dries up the steam
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and then when the steam coagulates, it eventually turns into rain drops and when the rain
drops reach the river as it flows into the river, it can be converted into the electricity. In fact,
only 1%6 of all the water in the rivers is converted that is sufficient.

I was a lazy student when I was at the university although I was majored in the electronic
engineering. However, later years I had a chance to give a presentation right ater the OPEC
meeting and I consulted with my Dutch counterpart and they confirmed that my calculation
was in fact correct.

Therefore, as I have just said, we should encourage and promote the development of the
hydropower and in fact we can resolve the problem at once. Then why we fail to do so? That
is because of the power distribution technology ever since Edison, the very innovated technol-
ogy was brought forward in distributing the power. However, currently they are now distrib-
uted in AC. )

According to the power company utilities, they can reach only 30 kilometers or so with
AC (alternate current). But in fact, you have to go beyond that. So I asked them whether that
number was wrong but they said they could almost reach 30 kilometers and efficiency will be
compromised if they tried to go beyond the 30 kilometer distance. And as a proof, in Japan
there is Tsugaru Strait, which is 30 kilometers between Hokkaido and Tohoku. In order to
distribute the electricity, the underwater cable was constructed which was hard to modify
once it is constructed since it is under the sea.

Therefore, it is converted to direct current in order to reach the other side of the Strait.
I don’t know the current situation because now there is Tsugaru Channel. But T have been
through the construction of the Tsugaru Channel, they used to convert alternate current into
direct current and with a significant loss they tried to distribute power to the other side of
the Strait.

If the hydropower station is constructed at 30 kilometer distance from the city side fac-
tory, it was rather difficult to distribute power. But what if they are distributed in the from
of DC? I asked an expert how far they could reach with DC and they said it is 10,000 kilome-
ters, which is one quarter of the circumference of the globe. That means if Tokyo is the center
of a circle, then in fact you can effectively cover one-half of the globe. So, if you want to have
the distribution of the power, you can receive it from the other side of the earth.

In distribution of the electricity, Edison developed the DC distribution but his company
eventually bankrupted, because the transformer was not applicable for DC, because the volt-
age transformation was essential for power distribution. That is why AC power transforma-
tion succeeded which was developed by Westinghouse, despite the major defects and Edison

company failed.

But at our laboratory, we succeeded in developing a very unique type of device. This is
how it looks from the top. This is a kind of a switching device. The device is for amplification
but this is for switching, in other words, just like a knife switch, its mechanism is only to turn
on or turn off the electricity. Conventionally, no device was available that was capable of

turning off the electricity. G. E. of the United States succeeded in developing GTO device.
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Our development was somewhat unexpected, that is, our device is capable of turning on
and off the electricity with unexpectedly high efficiency. I would like to show you some data
collected based upon this switching device that we developed.

This solid line shows GTO gate turn off by general electricity that gauge turn off device
at 300 Hz. that is 300 cycle and you can see the loss increases at 300 cycles.

Ours is S. 1. thyristor. You will see two examples of ours, one is designed to work on low fre-

quency, 1,000 cycle, that is the cycles which are audible to human ears. And loss starts at
3,000 cycles. You can hear this, this is audible.
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Within the range of frequency which is audible to human beings, you can see in this line.
As compared to GTO, the loss is nearly one-half of GTO and up to the high frequency, the
loss level is very low. This is a device which is working on high frequency and you do not see
much loss and then you can see the start of loss very quickly. There are slow motion and
quick motion ones but anyway it is quicker than GTO and both lines show low loss level. One
MHz. is highest frequency, that is 1 million cycle and at this time the electricity is only 50 cy-
cle, which is we are using now. That means you can operate it at very high frequency and still
the loss is less than 1%4. That means, if we limit the electricity at 50 cycles, we do not consider
to limit ourselves to 50 cycles any more. So if you use high Hz. and transformer can be very
small and motor can be small in size. ‘

For example, if you would like turn off the record on audio player and that small size
motor can operate train, that is theoretically, a very miniature motor can be used and the
miniature size motor will contribute to the reduction of loss. 32mm in diameter, that is 3.2mm
device and 300 ampere electricity can be generated. So you can see 4,500 volts now. In such a
small device, you can handle very large amount of current, 1 million sometimes. Of course,
for short term, 100 MW can be handled by this small device. So such a device can be used now.

People say that man is an animal to use tools. Many tools are available for human to use
but most of the tools are inefficient. Efficiency of engine for car is nearly 50% of the theoreti-
cal value, only 50%%. So the actual efficiency is 256% of theoretical value. But Japanese engine
is the most efficient. It requires a lot of efforts to increase the efficiency level to 50% of the
theoretical value. If we can operate at the theoretical value, the consumption of gasoline will
be decreased to one-third.

So a lot is expected to the research and development to increase efficieny. So the device
to handle the electric energy is now invented and efficiency is 99% and more. There are 3
things which can be operated at 99% efficiency in electricity.

The first is Michael Faraday claimed by the British and Steinmetz is claimed by the
United States. Anyway, one of those 2 persons contributed to transformer invention.

This transformation is the first best, efficient machine that people ever had, that is, 999§ ef-
ficiency.

The second one is the 1 PMI diode which I invented in 1950, that is converter from A to D
converter and 20 days later, G. E.’s Dr. Robert Hall disclosed these things are 18 days late,
so our invention was 18 days earlier than them. So this is A to D, this is the D to D converter
and efficiency is 99%.

Human beings use electricity by using transformer or converting from A to D or D to D.
Energy conversion is now very easy for human beings. So, even if you distribute direct cur-
rent and you can convert D to A at the consumer place, that is higher efficiency. And then
through transformer the energy is distributed to plant or households. Transformation loss is

only 1%, a total of 2% loss in this case.

So in Yangtze River at upstream, you can generate electricity. Please consider this as the
Yangtze River and you generate electricity there with high voltage and then convert to direct
current, it is called the DC power transmission. They use solar cell, again this is direct cur-

rency and then it will be converted through the converter. So this again is high voltage DC,
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half voltage direct current. And this can be transported for 10,000 km.

When it reaches at the plant, it will be changed to AC, so DC to AC, and here at factory,
it is not limited to 50 cycles, maybe 24 KHz., 24,000 cycles can be used in the factory. All the
machineries in this factory will be miniaturized by factor of tens. So this is a very material

saving factory. And here it is called 50 cycles and the loss is only 1%. So the total of 2% loss

and we can supply electricity to the households.

Now, we are able to transport electricity over the distance of 10,000 km., and of course,
the electricity will be reduced to 85% of the generated one. That means the loss is very small.
In the future, at normal temperature, super-couductor may be used for industrial use and

in that case, energy can be used 100%. That is for the future challenge of technological

development.
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With the current technology by transporting electricity about 10,000 km, only 15% loss.
So we are now relying on oil and coal but if we can use this kind of electricity, you can supply
energy without resorting to the use of oil or coal. If we industrialize semiconductor device
which we invented and if we sell them, even resource-poor country like Japan can survive us-
ing such technology. And this is to the advantage of the people, because this kind of technol-
ogy will not damage environment. So this is a future contribution of science technology in the
protection of environment. 7

Last year in November, we were invited to a dam in China. China is making an epoch-
making development, which is comparable with the building of pyramids in the past. China in-
troduced us to two challenges. One in 20 years’ time from now, they were going to close all
coal fired energy, thermal plant and nuclear plant. And they were going to resort to hydro-
power generation. That is a challenge in 20 years’ time.

The second is, if you build a dam that will destroy environment. In Japan, we have a very
good dam that is idealistic in the protection of environment. We have Tadami River in be-
tween Sendai where I live and Tokyo and there are many hydropower plants in tandem,
many, many plants. And energy is generated in one plant and that is distributed to the other
plants and that is converted to energy and that is supplied to another hydro-electricity plant.

So if you use those plants in tandem, it will be more efficient. You don’t have to reserve
a lot of water. Instead of one big dam you can build 10 small dams so the water demand will
be reducd not only one-tenth but to smaller amount. So the area which is soaked with water
will be smaller and the size and depth of dam will be smaller and the construction of a dam
will be cheaper. So rather than building one big dam, several small dams will be more ideal-
istic for the preservation of environment.

In Beijing, before I visited the industrial dam, I made a lecture on this proposal. The
leader of the Chinese people tried to explain to me as follows:

In Sankyo dam we are going to build a big dam not only for the purpose of power genera-
tion. China and the United States are big continents. If there is a flood it takes so much time
for them to absorb water. Japan is a small country and if damaged by typhoon, it’s small as
compared to the flood damage in China. They are going to build a big dam and they will try
to store water so that downstream people will not be flooded by huge amount of water.

When you say that hydro-electricity dam is to be built, many people would say that, that
will spoil the environment. But if there is a big dam to preserve water it may damage the en-
vironment, but if this dam is a multi-purpose dam, then that will not necessarily damage the
environment. Because that will save people from the damage by flooding.

I am not an expert, I cannot say anything, so I didn’t make any comment. So you cannot
say that dam always causes environment damage. The hydro-electricity dam may be smaller
in environment damage as compared to the thermal power plant.

I have explained many examples of increasing the efficiency. Science and technology, it’s
an area which people are expected to play more important role and we hope that we can
make bigger achievement by development of science and technology so that we can minimize
the environment damage and maximize the benefits to the people. I think that is a responsibil-
ity of the people as a whole.

And if we can add spiritual improvement in addition to the material affluence that will be
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our future. If you feel cold, you just turn on the heater, that is not enough. You can enjoy the
coldness as well. So you can enjoy material as well as spiritual satisfaction. That is a new
paradigm for the new value toward the 21st century.

We expect there will be a huge increase of population. We hope that people on this earth
can enjoy both material and spiritual satisfaction by the development of science and technol-

ogy. I think that is the target for the 21st century civilization.
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Second Part-Panel Discussion

Reikici Shirane (Coordinator) :

Good afternoon, ladies and gentlemen. This is the Panel Discussion, the second part of
the program of this symposium entitled “Paradigm Shift in the 21st Century.”

In fact, those gentlemen on the stage are the super stars so to speak in each discipline.
This is a prime opportunity for you to be exposed to those renowned professors and experts,
so I would like to encourage all of you in the floor to join the discussion during the free dis-
cussion.

I believe the two keynote presentations set the pace for the discussion here, providing the
foundation for the discussion about the Eco-technology and science and technology. As for
the schedule, T would like to invite Professor Hamada as the first speaker. In the meantime,
he is also involved in the TV program production at NHK, I would like to go without any re-
flex like Professor, Dr. or President. I will just call them “Hamada-san” and so on.

I would like to ask Professor Horikoshi and Prof. Mandelbrot followingly, then I would
like to ask the two keynote speakers to give us the supplementary comments. I would like to
give each Panelist about 10 minutes, probably that would be 15 minutes. I would like to re-
mind them to spare some time for discussion after the first round. My role here as a
Coordinator as I understand is to keep time rather than a coordinator or a moderator. I
think I am merely the time keeper in this Panel Discussion.

In the beginning of the Symposium, Dr. Yoshimura of Honda Foundation spoke about the
Eco-technology and in fact this is a rather familiar topic to all of us, nearly 20 years’ involve-
ment on the part of Honda Foundation, even before the birth of the Foundation itself. In fact,
during the past two decades that this paradigm shift started to take form. From the
Japanese point of view today as we are towards the 21st century and as we are now faced
with the variety of problems, and we tend to make a projection about the future and whenever
we try to do the projection, we try to identify some signs of changes. Because in retrospect
whenever we look back the history we find out some precursors, signs, before major changes
took place.

In ’80s and ’90s, those changes and events that we have witnessed are such that in 1985,
across the globe some epoch-making events took place. For instance, Gorbachev came to the
power in 1985, he advocated “Perstroika” and “Glasnost,” the freedom of information, which
were in a word a precursor of the collapse or demise of the socialist regime that followed in
late 1980s and early 1990s.

Sorry to the American participants if there are any, but in 1985 at last the United States
became the debtor country instead of the creditor country. I think since 1914, that the United
States was always the creditor country lending money to outside world, as is symbolized by
the word “Pax Americana,” there was the role of the United States financing the various ac-
tivities in other countries.

Therefore, in that sense again, the 1985 was a major turning point for the United States.
They became the debtor country instead of creditor country. If my memorires are correct,
since 1914, the United States always rendered support. Especially after the World war 1II,

they entered the Marshall Plan, a major support was provided to those countries that were
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devastated by the war.

And in 1985, at the Plaza Hotel in New York, the Plaza Accord was concluded by the
Ministers of Finance of the various countries, which culminated into the Plaza Accord that
triggered yen appreciation. In 1985, the US dollar was about ¥ 260 but then in 1988, that is 3
years later, it became as high as ¥120. That is the two-fold appreciation so drastic just like
the one that we are now going through.

Therfore, the low interest rate policy was implemented which persisted for too long
probably due to the wrong projection by those concerned in the Finance Ministry. Because of
the low interest rate policy, the so-called bubble economy blasted and then after the burst of
bubble economy, the long-lasting recession started. There is no use of criticizing what hap-
pened in the past but as I said, it was 1985 that for the first time the ozone depletion and the
environmental concern came to the fore, and at the international forum for the first time the
environmental issues were placed on the top of the agenda.

At the UNEP, the United Nations Environment Program I think if I remember correctly,
it was in 1985 that environmental issue was identified as of the high priority issues. And I
think it was Dr. Roland in 1974 published the so-called “Ozone Depletion Phenomena” based
upon the calculation. ’

But finally, in 1985, the UNEP raised this issue on the Agenda so it took almost 11 years
until the ozone depletion and evironmental issue was placed on the top item on the Agenda.
That was because such concern was considered to be not directly related to the environ-
mental issues. If they were trade issues or economic issues, the recession and so on then peo-
ple were willing to discuss. But the environmental destruction was not the issue drawing the
attention of the world community, not until 1985.

So they were taken for granted where those were established as paradigm or hard to
change. I think it was Thomas Kuhn, the specialist of science history who started to use the
word “paradigm,” and the word Paradigm became so popular. And now, this word paradigm
is combined with the shift and paradigm shift has become quite topical just before the 21lst
century.

We are now questioning those that were taken for granted in the past, we are trying to
review them objectively and if necessary we may be forced to make chages or so-called
“paradigm shift.” With that understaning in our mind, we would like to proceed with the
Panel Discussion. I would like now to invite Mr. Hamada to give us his views.

Now, Mr. Hamada, please.

Takashi Hamada: Thank you for your kind introduction. I think you have received at the re-
ception the gist of my talk here. Attached to that there should be 2 small charts which I will
go to later on.

Professor Colombo and President Nishizawa have very rightly and poignantly talked
about the need for the paradigm shift. I am an expert in the history of environmental evolu-
tion so from that perspective, I would like to talk more on the perspectve of the earth. My talk
will be more for conceptual one.

Since the mankind entered into the modern science and technology age, substantial

change was needed and the event that triggered this was the travel to outer space. To look at
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earth from the outer space theoretically is understandable but to actually see it was not pos-
sible before. And the micro-gravity world expands that and the people would have served
what occurs in the micro-gravity which is not existent in the human activities.

Having experienced this or having witnessed this, human kind became aware that we are
under the dominance of gravity named 1G. History of science has often stated that discovery
to telescopes and microscopes and other tools which have enabled human being to expand its
view has endangered the change in the perception of mankind and in this context, we mankind
was able to look at earth from outer space, serves as a point of transformation for the man-
kind in terms of this perception.

Development of science and scientific technology, of course, we all agree have been play-
ing the major role in this change in the perception, but as we have been talking civilization
also have had great impact. What we are now inclined to do is to change the paradigm, which
is the change in value system and school of thoughts and perceptions and propositions. And
in fact the result of this culminates into the paradigm shift and it may be simple and it may
be familiar to you.

We have learned at the college that earth was the huge object but now we see that this is
a small object. Earth was considered as stationary, the surface was not moving but now we
know that earth’s surface is constantly moving. And due to the information technology we
learn what happens on the other side of the earth at real time basis, which has given as an
element a new perspective to look the daily life.

Civilization has put its trust on science and technology so far in pursuing welfare of the
human beings. But that is of the past. When you look back, the lifestyle has taken full advan-
tage of science and technology in the past, and as Professor Nishizawa rightly pointed out,
now faces the situation when one has to look back whether it was right.

It is, of course, we all understand that science must pursue truth and principles. But once
it comes into the realm of technology, in other words, once it comes into the realm of serving
the human beings, it changes. And human being is the most intellectually developed being and
human being tends to pursue high level of amenity. In other words, when higher standard is
achieved, human being cannot reduce the level.

So all the other lives on earth other than the human beings have been affected because all
living beings, apart from human beings, are dominated by food cycle which is different from
that of the human beings. In other words, human beings have made its own food cycle which
is different from that of the living organisms other than human beings.

There is also a major issue of population increase. For species under the virtue of the re-
action system, all organism on earth in harmony with the environment and that is exactly the
reason for the existence, in fact the reason datum of all the beings there except for human
beings. That is to say that we human beings have been focusing on science and technology
then all of a sudden we realized that there were certain aspect of unpredictability or the dis-
coveries and development advancement which the certain technology has achieved is only a
small fraction of what exists. This is something we must reflect upon.

Having said that, we are the most intellectually highly developed being and we cannot re-
duce the level of high demand and one tends to be egoistic in looking at the environment.

e

For example, take the term “waste.” That does not exist in the realm of environment or
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nature. It is an arrogant perspective of the human being to create waste. I think it is impor-
tant that we should look back and reflect upon what we human beings need to be objective in
looking at the human beings and I believe that this would lead to the paradigm shift.

In 1950, a British named Lancelot Law Whyte, who is the morphologist and he said that
if the natural science were to fail in the understanding of morphology which is known, for ex-
ample, morphology of optical, you cannot express that mathematically or quantitatively.
And if morphology cannot be expressed, that is only because the issues that the science is
familiar with is not as complicated as that of the morphology. .

In other words, science does not identify many of the aspects of nature as we would like
to think so the point here Mr. Lancelot Law Whyte is saying that we don’t know all that
much. We must be modest and reflect back and I think that this approach needs to be incor-
porated in the global policy addressed to sustainable development.

So far perhaps I am saying too much, but we have concentrated extremely on the produc-
tion side and there was little thought given to waste, which generate from production. In
other words, I think we have been too short-sighted seeking for the amenity of the immediate
future. But then we found that there was a negative impact, which is beyond our imagination
and I think most people regret this fact.

Allow me to be abstract. I have written the word SDP, which stands for slow down policy.
I believe it is necessary for us to address the slow down policy. We do have economic basis
now. Let’s go back to the primitives. I am not saying that you cannot survive. In other words,
we will maintain the production but at the same time, we will also grope for a path of survival
in order to achieve balance between human activities and environment.

I have given you the chart of SDP,/ACT system which I advocate. This is the system
whereby econmic activity to the extent necessary, by necessary I mean from the perspective
of earth to slow down the economic activity as much as possible. So the pace of development
will slow down so the way to do that is to seek for after-care technology which strives for re-
covery, the assembly and recycle and after-care is to look at the prognosis, meaning that we
should try to maintain sustainable development of the earth through ACT.

We should not unnecessarily change the environment and when we have gone through the
development, we have found that negative ramification has been generated. Maybe it’s good
for the human beings but not for the others. As a result of that, we now see environmental
destructions addressed the ozone hole issuses.

I made a suggestion in Germany the other day and it was supported by many. That is the
creating of the bypass through the creation of SDP,ACT systems so that energy consump-
tion will be minimized in order to resolve the exisiting issues. This is the system. It’s a simpli-
fying system. There are many problems involved here and the reason is that because the hu- -
man beings are animals who strive for intellectual advancement and refuse to go back.
Whether the human beings are willing to go counter to the development in order to protect
the earth is a situation that we now face.

I do have another primitive chart which shows the evolution of the relationship with the
human being and the nature. Much has been said about that. When there were few population
on earth, the life was primitive. In other words, it was natural way of living organism but as

we experience huge population increase we have been harsh to the environment. In other
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words, it’s acquistion of resources.

There was a talk about dam. Numerous number of dams were constructed for different
definition to dam so this requires a discussion. But we must understand that resources are
limited and that there must be a limitation and there must be harmony between the human
being and the nature. It is important that we recognize that so that priority was given to the
environment in the primitive time, which then shifted to priority on the human being. But
what is required now is the shift from the both, that is an objective perspective to find the way
for the human being to exist togther with the environment. And here lies the need for this
paradigm shift.

Thank you very much.

Rikichi Shirane: Thank you. You pointed out that the nature is hard to grasp. I would like to
ask Mr. Mandelbrot later on to comment on that point. But before that, I would like to ask

Mr. Horikoshi to give us his views.

Koki Horikoshi: Good afternoon. Can I use the overhead projector? I didn’t expect that what
I was planning to state was exactly covered by Mr. Nishizawa. But please allow me to be
somewhat redundant of what Mr. Nishizawa stated.

I just want to show you how flexible the Japanese were since old times. So allow me to
give you the talk which is somewhat different from what I originally prepared for it.

The bio-diversity is one of the hot terms that is often used. That is diversity of species.
It seems as a matter of course, to the Japanese but not just scientists or the biologists have
hard time in understanding this fact, biodiversity. The God diversity is the word that I coined.

As Mr. Nishizawa rightly pointed out in the past, we believed that God resided in every
matter. Even the human could be the divine presence after they passed away, but also the ani-

mals, fox for instance became God. For the husbands, the “yama-no-kami” or the mountain
goddess is in fact your wives.

So those matters are respected, they were respected with all and were considered to be
the God. But you have to be careful in dealing with the divine presence. In other words, you
have to be right in making a choice in asking for the favor by God. In the past, Prince
Shotoku Taishi stated, “harmony should be respected.” Harmony is most valuable. In fact ,
that is the under-lining philosophy for the microbiologists. Think of “sake.” That is a unique
product, that is the yeast and lactic acid and they are concocted. They are not isolated in a
mix, but rather they are concoted.

So that those microorganism react or inter-act with all and each other. Sometimes they
help each other, while in other time they may be controlling each other. The human involve-
ment is not to kill the micro-organism. This is a very unique way of making “sake.”

But after the Meiji Restoration, when Japanese became so enthusiastic and eager in
learning from the West, we invited a German scientist in the field of micro-biology. In face of
the lifestyle of the Japanese which looked so filthy to them, the German scientist criticized
that the way of making “sake” is so filthy that the “sake” could not be made and he taught
the German style. And of course, “sake” was not made.

In the case of the “sake” maker, we use certain sort of Fungi and during the
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fermentation process, it is transformed into the yeast. In view of this, the German scientist
thought Japan was a unique country, probably the kind of Fungi would spread into the yeast,
he wrote in his report. That was just like a very funny way of the association that the tradi-
tion of the Japanese used to have.

So the wrong Fungi is spread into the yeast and he published his report in the academic
journal back in Germany. Because he thought the Japanese way of making “sake” was some-
what mysterious. But anyway, that was how the micro-biology was developed as the aca-
demic discipline in Japan.

What was the consequence? The western style micro-biclogy developed then about 20
years ago, the microbiology faced the stalemate. Without the drastic paradigm shift we can-
not expect the future for micro-biology. I'll tell you why. That is related to anti-biotics which
is so familiar to us. The researchers were desperately looking for the micro-organism that
was beneficial to the mankind.

But probably we were too arrogant and because we are man-centered, we thought that
probably there was no useful beneficial micro-organism in the world. But the question is how
many micro-organism we have ever identified so far?

As you can see on the screen, look around yourself. Try to find out how many micro-
oraganism are, for instance, in the garden or in the farmland. How many micro-organism is
there? And how many can you count and recover them. That could be the kind of the marker
or index to indicate the progress of the science. Within one gram of soil, there are about 10
to 9 number of micro-organisms. But in fact what we have identified so far are 1 to 2 magni-
tude smaller than that.

Mr. Nishizawa said of 99% efficiency. I really envy them. In other words, we cannot re-
cover 99% of the micro-organism that are contained in one gram of soil. Then turn to the
ocean, which accounts for two-thirds of the globe. How many micro-organisms are there in
the sea water? There are about 10 to 3 micro-organism and again, a recovery ability is so lim-
ited that we can recover only a part of them. There are so many unknowns in the micro-
biology.

Therefore, we should be more prudent and not to declare that we have faced with the
limit. Then there is a very pessimistic point of view. I am sorry this is rather hard to see. The
E. coli is often applied in the electronic engineering. DNA of E. coli has been studied inten-
sively, but we have identified the nucleonic acid sequence in the DNA of E. coli. But we suc-
ceeded to some extent in the case of mankind.

But once again turning back to E.coli and it’s sequence of the nucleonic acid, which is
about 2¢#mm long, and again we have identified only 509 of them. In fact, it has been devel-
oped and accumulated in the past 3.5 billion years. In other words, there are so many pieces
of unknown information that were stored in the past at 3.5 billion years. Furthermore, in the
world of biology we tend to be man-oriented. If you look back the history of micro-biology,
you will readily find out that in 1868 that Pasteur established the foundation of micro-biology
followed by Cock and others, everything started from man. That is, body temperature of 37
degreeC or the temperature of food that is available to the human, and such and such. In
other words, the point of origin on the coordinate system is always a man so that everything

out of that range was considered to be unusual.
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We have been so arrogant. In other words, every living organism has a different require-
ment. Every living organism has a right to be the center of origin. But in fact such a viewpoint
was not accepted as a normal way of thinking as extreme. Think of that word again. The
word extreme also indicates that it is a discipline centering around the mankind. It seems like
I am the author responsible for quoting this word.

But anyway and finally, extremophiles has been established as one of the disciplines. and
90% of those living organisms within this discipline are unknown. That means we belong to
the minor of the living organism including those that are using. We are not the majority at
all.

And the question is how we can develop this discipline? In the first part, one of the speak-
ers referred to science and technology agency and its project, ERATO. The superbugs project
is what we have been promoting. As was 1985 until 1990 the program was implemented and
that program led to the discovery of Dunor’s living organisms, some of which are so closely
related to our life and contributing to enriching the quality of life of the mankind.

Some of them contribute to the composing, it was chemicals and compounds that are
hard to degrade in the natural environment. And in fact, they exist in the natural environment
nevertheless our eyes were closed to such a phenomenon. We did not realize that exist. And
such an idea was reported since June this year at the European Union and the superbugs
project of EU initiated.

We are happy to see that our idea was applied to the European scene and they are pro-
moting their own program. So why don’t we broaden the scope of view. It was why since 1990
at the Japan Marine Science Research Center, the Deep Sea Environment Study was started.
We know that the ocean is where the life started. Therefore, we expect that there may be
those successors of the progenitors of the life in the deep sea and it is called the Deep Star
Project. I am in charge of the project as a Director and in fact, I will tell you that deep sea

ground in the deep sea is such an unusual environment.

It is subject to the extremely high pressure as you can easily understand. The “Shinkai
6,500” is the submarine that can go down to 6,500 meter deep. Inside of this submarine is kept
at the a atmospheric pressure so that it is quite comfortable and soil and sea water are sam-
pled for analysis underwater. We are extremely intersted in how the living organisms can
survive despite such extremely harsh condition of high pressure.

This is a sea shell on the sea bed in the deep sea. In fact there are numerous of them. The
atmospheric pressure is hundreds. In other words, they do not stand against that high pres-
sure but rather they like that atmospheric pressure. If they are viewed from the human view-
point, such an environment seems quite unusual but for them, such environment is so com-
fortable.

We think of the micro-gravity. If they were the living organism surviving in the micro-
gravity, what will happen to them if they are brought down to the earth or from the zero
gravity environment down to the earth. what will happen to them?

You may ask why I am so much interested in such an unusual environment. That is be-
cause the science in the past is centered around the man and it turned out that the man-

centered science could not expect much progress because of so much unknown around us.
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That is why we need to change our perspectives trying to identify those living organism, living
in such an environment and in fact, we are co-existing with them so we need to pay respect
to their lifestyle so to speak.

Newton once stated that we are just like children playing around on the sea shore. We are
so happy to collecting sea shells even if we are faced with such a big ocean with much poten-

tial. And we are just like that and I like that phrase by Newton. Thank you.

Reikichi Shirane: Thank you . Dr. Mandelbrot, you will be the third speaker. His Fractal
Geometry was the first book translated into Japanese and Dr. Hironaka translated that book
into Japanese. He is the mathematician. I asked him, what is “Fractal theory” from the view-
point of mathematician? And a good answer came from Professor Hironaka. He said seeing
is believing, and he said seeing is proving. So to see is to lead you to new discovery. So
Professor Mandelbrot has made a lot of discoveries.

I am a Vice President of Japan Computers Graphic Association and he is a great man in
the computer geographic as well. So I hope that you will enjoy Dr. Mandelbrot’s presenta-

tion. I will give you 15 minutes, Dr. Mandelbrot. Would you please start your presentation.

Benoit Mandelbrot: Thank you very much. I would like to make some comments which will
not repeat what the previous speakers said, and what I would like to emphasize is not the
paradigm shift in the needs for science but the paradigm shift within science.

Now, the word “shift” here perhaps be put in plural because depending upon which field
you are examining, the shift takes a different character. Now, first of all, there is a shift
which is coming now very strongly, extremely strongly and who are the scientists? Because
one should never forget that science is done by humans, and humans are not given once for
all as untouchable creatures. They depend very much upon the environment in which they
have been trained since their early ages.

Once upon a time, only a hundred years ago, pictures were very difficult to make. Before
photography, you had to paint something or draw it extra hard and expensive and pain caus-
ing process. The word, the printed page were much easier. Therefore, learned persons were
trained almost exclusively on written text.

The idea of science became written text. By written, not only words and languages like
Japanese or English, but also formulas. It’s a language which includes the common language
and also mathematical symbols. But this idea had nothing intrinsic about it. It was due to
some extent which I don’t want to judge, to the environment in which research had to pro-
ceed. Pictures were difficult, expensive, hard to obtain and hard to handle.

Now, let us jump immediately to the present time. Everyone complains that children see
too much television and many people complain that children play too much with computers.
Well, why complain? Of course, too much is too much but this matter of playing with comput-
ers echoes that phrased by Newton which was mentioned just a few minutes ago. The essence
of learning is playing. By playing with computers humans become different from what I was,
from what my father’s generation was.

By the fact that at present, photography, the computer, the television and so on provide

us with the extraordinary wealth of visual experience, is bound to change the nature of the
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people who are going to do science by the beginning of next century. Where new people come,
they will do science differently. I don’t say they will do it better but they certainly will do it
differently.

Therefore, a shift is absolutely inevitable. Whether one likes it or not, science can not be
the same at the 21st century or this century, because the people who do science are different.
No child can grow in the present environment and isolate oneself from television, the com-
puter, from photography, from everything, from publicity, etc.

The question next arises is, what science will these new scientists be doing? Well, there
again, they can do science of a much more demanding nature and by happy coincidece, of a
nature which I think is going to be very helpful for the viewpoint of environmental, ecological
aspects which were discussed previously.

For example, in all the charts about defects unfortunately referred to technology, one
has the matter of extent of pollution but what does extent of pollution mean? For example,
if you look at the harbor, if you need the average proportion of hostile micro-organism in the
harbor or the average proportion of heavy items which are dangerous, copper and so on, in
the water of a harbor.

Is that average meaningful? Is that average useful? Why bother about the average? Well,
we bother about the average for many resons. In some cases, it’s all that matters. In all cases
it used to be all that you could afford to look at.

A hundred years ago, the statisticians had tables of logarithms to work with or perhaps
very primitive hand type-writing machines. To compute an averge was already a big effort.
It was quite a big achievement to compute average and say this harbor is dirty than this har-
bor because the average of micro-organisms or the average of copper is bigger one than the
other.

However, I am sure that the harm done by pollution is not only a matter of average. If
pollution in one case is extremely concentrated, even though the average is very low, if it’s
clumped in small places, those small places can provoke extraordinary dangerous effects.

Now, we change the topic slightly but only slightly. A few years ago, maybe 10 years ago,
15 years ago, when we had this terrible fear of atomic war, the scenarios made with nuclear
winter, nuclear winter which corresponded to the fact that an explosion would occur on
earth, atom bombs in large numbers and the dust will go up and cover the sun. And a rough
calculation gave terrifying results.

Well, this rough calculation was totally meanigless. T hated the thought of atom war as
much as everybody else but I could not take serious this calculation. Because why should it
be that the dust provoked by atomic explosion will become uniform of the earth. It’s almost
impossible. Clouds are never uniform, nothing is uniform. A big clumpy cloud of dust con-
sider one place, may have very much different effect from the same lot of dust distribute uni-
formly over the earth. And I am pleased to say again, not as pleased as by the fact that the
fear of war has become lesser. But it was in the context of fear for war. I am pleased to say
some of my pictures of clouds, my simulation of clouds were used by some scientists to try
to get more realistic picture of what would happen in case of atomic warfare.

It was simply realistic because of better science. The science which was geared towards

these phenomena as opposed to being geared towards the averages. Later on, another
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question arose again. Is it true that dust is going to reflect light and prevent light from get-
ting down and provoke nuclear winter?

Well, all my friends made a very careful calculation and found that it was not necessarily
true. That dust is not just here to seal, the particles of dust actually are factor, actually have
very complicated structure and depending upon where dimension of the structures is lesser to
or greater than to, the effect of percntage of dust will be completely different.

That is a very important distinction. I am not trying to say that everything is fractal in
the world. Please don’t misunderstand me. I am sure that there are fractal everywhere and
if you look in some areas or another and you will find some aspects that are fractal. But in
many cases, those aspects are not important. In other cases are very important.

But perhaps again we come back to this question of what kind of science one needs in or-
der to understand the questions of ecology, the questions of structure of environmental pol-
lution, the effect of the measures taken to diminish the pollution? In order to evaluate in a ra-
tional fashion or somewhat rational fashion, there is very important question. One needs a
science of disorder, a science of Messias which applies to this phenomena.

And again, as I said a few minutes ago, the averages very often tell very little of the
story. Averages are very misleading. In physics, the physics which was triumphant quite gen-
erations ago, the physics which I learned and physics which came immediately afterwards,
the bulk of that physics was concerned with phenomena in which averages and style of devia-
tions were actually all that counted.

Well, physics being successful, there was what you can describe as “physics envy” a kind
of imitation of physics which came naturally whether countless or not, sometimes for lack of
anything better. If you have read books of mathematics, books of statistics, books of ran-
domness, all you had was physics. Therefore, that all you had are supposed to apply to the
phenomena which one was trying to understand.

Those tools I think were not adequate. For the purposes of better understanding, better
control, better description of the world, better description of the effect of technology over the
world which surrounds us, I think more refined tools are necessary. And again, it is not only
a matter of saying that proportion of micro-organisms in this harbor is so many per millime-
ter is very important but you must then say, are they clumped or are they very diffused? Is
copper very clumped or is very diffused?

If you have the river like the Hudson River in which extraordinary efforts were made to
purify the Hudson River is in New York, of course, it ends in New York. Now, this river was
polluted by PCBs as here and the question arose, should one get them remove the PCBs or is
it going to be worse by trying to remove them because the amount which is stirred by moving
them ill make the river even more dangerous for many viewpoints. Again, a very much more
accurate and more demanding description was necessary.

Now, let me move again to pick up the question of dams. For many years, I was very
much intersted in the question of the effectiveness of dams. Not so much of dams in the rainy
parts of the world because they are actually rather predictable. But of dams in semi-arid
parts of the world. Now the great difficulty is that a dam which is built too small and is al-
ways full is not performing the function. A dam which is built so big is always empty also

performs a function. Therefore, the size of dam is something which required very careful
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thought.

Naturally enough, a very brilliant man arose, his name was Hurst, he was an Englishman
of mediocre scientific background. He was the graduate of Oxford but not a very brilliant
graduate, but a mind of profound respect for the complexity of the River Nile. And so he
spent his life as an official of the English civil service in Cairo studying the Nile. He was also
making grants for the Aswan High Dam. And he realized that the Nile was just not only
quantitatively more complicated than the fluctuations that one was used to deal with, but
qualitatively more complicated.

You could say in my current vocabulary, which I try to make simple to make it very
strong, that the randomness which the hydrologists were thinking of when designing dams
was a mild form of the randomness. The Nile presented a wild form of randomness.

Well, a very interesting example of the encounter of wild randomness and the public pol-
icy occurred a few years ago, I think 10 or 15 years ago. Some time before, the State of
California, the State of Arizona and Mexico, an independent country, the 3 of them had
tether written to divide the waters of the Colorado River, which goes through the High
Rockies and then goes down and empties in the Gulf which is between Baja, California and
Mexico.

Now, they divided these waters on the basis of the best knowledge available at the time
and that this knowledge unfortunately was a slide wrong. They said, well the amount of wa-
ter per year is so much because in the last 10 years the Colorado River had water. So let us
divide that and California may take so much percent, which makes so many cubic meters of
water; Arizona takes so much and Mexico takes so much.

Well, catastrophe came immediately. For the next 30 years, the River Colorado had much
less water than predicted. Having divided each one to take its share but that was not enough
for everybody. And rather rare event in the annulus of politics. The diplomats, the lawyers
had the necessity of bringing a rather practical engineer who happened to be very brilliant
and very spectro-facts to explain to them that this tether was ridiculous tether because it was
dividing something that didn’t exist. That the water going through the river is not a very little
quantity. And he had to remind the politicians of the story in the Bible. I am sure you have
similar stories in the Chinese mythology, the story of the seven fat years of Egypt, followed
by 7 lean years of Egypt. The dream of Pharaoh and the story of Joseph, son of Jacob, son
of Isaac, that he saw a dream that for 7 years the country of Egypt will be very prosperous
and then for 7 years great dryness will come and to prevent this dryness reserves of grain
and everything should be accumulated by Pharaoh, otherwise his subjects will die of hunger.

Now, the history of the River Nile is very well known. Because it was so important that
records were kept. Besides if one doesn’t want to stick to the River Nile particularly but just
know the history of the amount of water going down in some parts of the world, one has the
record of thickness of the rain in trees. So note one knows the wet in Arizona for 6,000 years
very accurately from year to next. Because of some trees that grow to be very, very old, they
are not sequoias, not beautiful. They are shrub-like trees, they live very,very old and then
don’t die during dry periods,which is why they are so good for this purpose.

Well, this history shows an extraordinary wildness in the fluctuations of the climate. So

in terms of policy in building a dam the consensus became that to build a dam is not only a
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matter of computing how much water goes through it, because if one does not take account
of the wildness of the fluctations of the water from one decade to the next, if one forgets the
history of Egypt which had rich dynasties and poor dynasties. The rich dynasties had plenty
of water and built pyramids and the poor dynasties had no water and did nothing because
they had difficulty in surviving.

If one forgets all of the complications, well, the dream of having technology and environ-
ment mashed together which is your dream, my dream, everybody dreams here, that dream
could not be fulfilled.

Therefore, I have sketched two paradigm shifts, which I think are important and I think
are happening. One of them is that the tools of scientists have changed. The person sitting
here are, of course, not hard physicists or hard mathematicians who have denied the impor-
tance of the eye. So I don’t have to preach to that to my fellow Panelists. But among my col-
leagues in mathematics and physics to preach the virtues of the eye was sometimes very dif-
ficult. I think it’s going to gain very much and I think whatever my colleagues believe, the stu-
dents, the young people are going to be different. They will use their eyes because eyes are so
much more powerful than any other means of communication. It is not the only means but
it’s a very powerful means.

And the same persons are going to be faced with questions which their parents, my gen-
eration and before never had asked from them. For example, it was perfectly possible that
someone who have a brilliant career in physics and never worry about anything except about
averages of the first and second order, that was enough. That is not enough as I said in sev-
eral forms, for the aspects of environment we faced with when we tried to understand the en-
vironment and to fated environment to make technology fit for the environment. If you want
to see whether change in technology will diminish considerbly the harm done to environment,
we must be able to measure this harm. We must be able to assess its dangers.

Therefore, I believe very strongly that science which has been practiced for 30 years, for
example, were different in many qualitative ways from the science of today. Not only
quanitative ways, [ am going further but qualitative ways of being different.

One last comment. The extraordinary prosperity of science in my generation has had
many unexpected results but one of them I think is the following.

The scientists became so numerous in my generation, that some problems would have
taken 60 years, 100 years over were solved very, very fast. As a matter of fact, a common
problem to my colleagues and friends was how rapidly their contributions in science were ab-
sorbed and viewed as being well-known routine all had, how rapidly a new idea roll and in a
certain sense, completely understood.

Well, this rapidity means that perhaps progress in those areas will not continue at the
same rate. I don’t know, I say perhaps, nobody knows. But one thing is clear is that other
questions are very pressing nature will be thrust upon scientists. I think that the society
which has the right to at least no other scientists are doing, has the right to ask the scientists
to explain what they are doing, will ask them to look into techniques for understanding the
environment which will be necessary to put in practice the older thinking that was presented
to you previously in this Panel and in the Plenary lectures.

Again, to conclude, let me repeat ending with the words which I was introduced, that the
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fact the scientists will be different that they will be much more eye-dominated, much more de-
manding in the quality of the prediction of science that aspect will also be very important.
That aspect also will diminish the kind of segregation in science which existed in my genera-
tion. The pharmacists and physicist and natural scientists and naturalists were totally differ-
ent people. Natural scientist like my neighbor would, of course, never say the eye is not nec-
essary. The eye is a tool for observation of life everywhere.

Mathematicians and physicists were not using their eyes very much in ancient times.
They will. Therefore, I think the more unity among the scientists, the terrain and unity will be
realized, will not be the terrain of abstraction for everyone but of concreteness for everyone.

Thank you.

Reikichi Shirane: Thank you very much. We have already heard speeches from Professor
Colombo and Professor Nishizawa. Perhaps the two keynote speakers would like to add
something to what they have said having listened to the 3 Panelists. Professor Colombo,
would you like to supplement in addition to what you have said?

Umberto Colombo: Mr. Chairman, I think the discussion up to now has focused on the need
for a shift in paradigm, in paradigm of science and as Professor Mandelbrot has just pointed
out in his brilliant intervention, of paradigm in technology, in economy, in society. And I want
to just stress a few points to indicate that I also agree that shift in paradigm is absolutely de-
sirable.

First of all, I think that we cannot conceive a long-term sustainable development by ex-
trapolating on our past trends. Population is going to at least double once again before it is
eventually stabilizes around the end of next century. We are now 5.7 billion people and the
most accurate estimates of population leveling indicate that a stabilization in population for
various reasons which I cannot explain here, will take place around 12.5 billion people.

That is, we cannot avoid unless we imagine dramatic tragedies at the world level a fur-
ther doubling of population. Also, the per capita income of the developing countries in the
world will have to increase. Now, there is a dramatic gap between the rich and the poor coun-
tries. We have about 800 million people in the third world at the threshold of hunger, living
with a very low per capita income and this is going to change. The need to improve the level
of life, the quality of life will mean that in those countries the per capita income will increase.
Again, if it doesn’t we are going to have big tragedies.

At present, each individual in the first world, that is in the industrial world, uses 10 times
more energy than his or her counter-part in the developing world. About on the average 5
tons of oil equivalent vis-a-vis .5 tons of oil perannum. But if we take the extreme cases, there
are gaps in the order of 1 to 50 or more and these are intolerable.

Also, I want to point out that the twenty-three percent roughly of the total world popu-
lation that lives in the industrialized countries are responsible for 3 times as much emission
of carbon dioxide and greenhouse gases as the remaining 77% of the population that live in
the developing countries. This is clearly intolerable.

We live on a stock of energy essentially constituted by non-renewable fossil fuels that
has, as was pointed out by one of my colleague speakers, accumulated during geological

times and they are by definition non-renewable limited, so in spite of what the market now
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tells us, by the way, the market is a very bad adviser, because the market reacts on short-
term signals. Therefore, the market tells us this moment that because we have oil enough for
43 years at present level of consumption, gas enough for 60 or more years at present level of
consumption, coal enough for 233 years at present level of consumption, in average fossil fu-
els enough for 106 years at present level of consumption. The market tell us go, consume,
waste, and the signals are low prices for fossil fuels. And therefore, increased consumptions,
increased emissions, increased possible danger for the climate of the future.

These cannot go along for a long time. I believe, therefore, we need a shift in paradigm
and I believe that it is the north of the world, the industrializd countries of the OECD that
have the know-how for much more efficient technologies in energy use and in the use of ma-
terials and that are going towards what I described in my lecture as a process of
dematerialization of the economy. It is up to them to develop technologies and diffuse tech-
nologies that are more respectful of the environment that are really Eco-technologies as Mr.
Honda devised with his imagination in 1977, following the suggestion of Professor Aida, of
course.

We know now, I want to stress other point, we know now that the developing countries
are unable to absorb even the technologies that are known well now in the industrialized
world and well diffused. They do not use these technologies because, first of all, these tech-
nologies are not transferred as they should be by the first world, by the industrialized world.
And secondly, because often third world countries have different priorities.

If the country is growing very rapidly and it is urbanizing very rapidly, they will not care
so much about the very long-term future. They will care more about what they can construct
now for population which is rapidly increasing, which is rapidly displacing towards urban
conurbations that are becoming really very complex life systems.

So I think that what we need is a massive cooperative effort in the world whereby essen-
tially the industrialized countries work and try to put at disposal of the non-industrialized
countries the best possible technolqgies for transfer, the best ways to carry out their devel-
opment. But unless we live in the industrial world a sustainable pattern of life, how can we
preach the developing countries that they should not really adopt the same pattern of devel-
opment that we have used historically. We cannot, in other words, preach or tell the develop-
ing countries what they should do unless we show first, that we are able to re-orient our pat-
tern of life of industry of production.

There is, therefore, a need to embark ourselves in a massive effort of transformation of
our productive economy and here I want to say just the last comment of my remarks.

I think we should plod to the decision that has been taken by the United Nations
University that hosts us today, this afternoon, to support the so-called zero emission re-
search initiative, proposed by Mr. Gunta Pauli. This is an initiative aiming at achieving or
getting very close to it a most ambitious objective. The remodeling of industrial systems,
characterized by a so-called total throughput that is an industry where total input equals to-
tal output. This seems to be an unreachable limit but we can go very, very close to it by re-
grouping industries and clustering industries in a decentralized manner in such a way that
the wastes of one industry may be used obviously developing appropriate technologies, as

raw materials or inputs to another industry. And possibly, we can do this by recycling the
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wastes in an almost closed economy.

I know this would be going against the second principle of thermo dynamics which is
impossilble. But let’s remember that the earth is not a closed system. What we must do is to
start living out of a stock of non-renewable energy sources and start living of a flocks. The
flocks of energy that reaches every year the surface of the earth from the sun. Actually, the
sun conveys to the earth about 1,000 times more the energy that our planet is using.

So, the problem is, if we can live out of this flocks, we don’t need to exploit the stock and
thereby increasing the entropy of our planet, because the entropy of our planet can live out
of negative entropy which is in a way produced by absorbing energy that reaches us from out
of the planet, that is from the sun.

In essence, President Nishizawa earlier mentioned of hydro-electricity as possible solu-
tion that would be ideal because if we were to exploit all the hydro-potential, we would have
enough energy as we spend now. I do not go as far as he goes although there is a lot of truth
in what he says, but idea is the same. Hydro-electricity is after all the product of the sun en-
ergy that evaporates the water and then the water becomes rain and then the rain becomes
running water that can be exploited by producing electricity.

But there is also photovoltaic energy that is biomass. There are many other ways direct
or indirect, wind power in which can really use energy that comes directly or indirectly from
the sun. And finally, there is the possibility of creating the sun in the earth by on the long-
term producing solar fusion energy, that is practically infinite source of energy.

So to conclude, we need really to shift paradigm, the sustainable development is not only
a problem of the developing countries, it is both developing countries and the industrial coun-
tries and the less we give the good example by moving towards a sustainable development in
the north, I do not think that we have the right to pretend that developing countries move to-
wards a sustainable development themselves. And that will be the ruin of our planet.

So let’s be wise, let’swork altogether towards this shift of development which will mean
a great contribution from scientists and technologists throughout the world.

Thank you

Reikichi Shirane: Thank you very much. President Nishizawa, please.

Jun-ichi Nishizawa: Much has been already said by all the Panelists so I can be very brief.

I would like to propose different perspective, probably the different coordinate system.
Let us suppose that we are faced with the starving child who is about to die. What do you do?
Probably you will share your food with him so that he can survive. But he may be able to sur-
vive now but 10 years from now, what happens to him? He may be starving again without
food. Can you just stand and ignore even when he starves to die? Which is more cruel to him?
Do you think he is happier if he can survive now but he would die eventually 10 years later?
Or he may be happier because he is now unconscious and he is a small child so let him die?
What do you think? I want to help him and save him on both occasions.

In other words, we have to be giving aid or donation in a responsible manner. The aid
that is provided by the advanced nations is sometimes made in such a way so that the ad-

vanced nations try to find an excuse not to give an aid and the neighboring coutry, that is
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China, they promote a policy to limit a number of child to one. This could be regarded as
against the humanity. But if I put it differntly, what happens if they do not limit the number
of birth? Then in that case the population may explode even more drastically so that they
may eventually suffer from shortage of food. In other words, they dare to launch a policy
against the humanity in order to prevent the disaster of the humanity that could happen in
the future. And there is a reality in the neighboring country. We cannot just sit and look at
what is happening.

In other words, now is the time when the science and technologies are expected to make
further contribution. In other words, the people on the globe have to think of others and dedi-
cate our efforts to contribute to the welfare of others. I would like to be more specific.

There is a certain organization which I belong to, and this organization is involved in the
studies of the issues of global scale. What I mean is that there are experts and specialists of
individual disciplines. And they are good at their disciplines. And whenever you ask which is
most important then those experts and specialists state that that is their discipline.But some-
times later you find out that, that is not the case.

That is why the inter-disciplinary coordination of the work is necessary. I could call this
a system science. For instance, when energy is consumed the carbon dioxide is emitted and
what is the impact to the mankind? Or what about the impact to the economic activities? How
can you answer those questions?

Japan is resource-poor country so that without the industrial development, at least half
of the population of Japan would die. So that means we need to keep on consuming energy in
order to survive. Then what the Japanese should do in seeking for the alternative energy
sources? That is why the global perspective, the global scale point of view is necessary.

For instance, deforestation is a serious problem. And some people insist on not killing
even a single tree. But in fact, in my opinion, once the tree grows to a certain extent, the thin-
ning has to be done in order to maintain the healthy growth of the forest as a whole. Thus
the disciplines have to interact with each other and have to seek for further progress through

inter-disciplinary approach. Thank you.

Reikichi Shirane: This completes the first round of the presentation by all the Panelists. It is
5 o’clock sharp and probably we are supposed to conclude the discussion around 5:45 or 5:50.
So it may be a good time to receive questions or comments from the floor.

When you ask the question, please make sure to whom the question is addressed and
also identify yourself, please. Anyone? Yes.
Hirohisa Uchida: I am Uchida from Tokai University. In fact, I would like to ask this ques-
tion to all the Panelists. About the universality of science and technology, this is a commonly
accepted view regardless of religions of different countries. But on the other hand, though
not much has been said in this forum, the information technology and communication tech-
nology are considered to play a key role in the future society. And now that the communica-
tion network covers all the globe, for instance, satellite can help us to understanding what is
happening to the global climate and also the communication played a key role in destroying
the Berlin Wall and eventually leading to the demise of the Communism.

And now, we are living in the world with different value systems and when, for instance,
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DNA control experiment is conducted, for instance, depending on where this experiment
takes place, I think the way it is judged or the way it is evaluated would be different. Just like
Mr. Nishizawa stated the cultural background plays a critical role in making certain decision
required.

In other words, probably in the future we will face with the urgent problem of harmoniz-

ing the science and technology and the different cultural background.
Reikichi Shirane: Can anyone in the Panel answer the question?

Jun-ichi Nishizawa: Let me start off about the fiber optic useful communication. I am the one
responsible since I was involved in that project, I would like to share with you my view.

I believe human cannot change his philosophy, for instance, for 2,000 years Jews are
struggling to return to their homeland regardless of the damages and disasters that they
caused in the course of the history.

For instance, Bosnia and Hercegovina, their sometimes crazy behavior is witnessed in
such a turmoil if it is viewed from a different value system. In the history of the mankind for
the first time with a help of a handful of engineers and scientists the science and technology
let through historic change.

Let me use a different example. One company has a warehouse in Osaka where the other
company has a warehouse in Tokyo. If the first company has an order in Osaka, in that case,
even whén they will deal with the same goods, same commodities they have to ship them from
Tokyo or vice-versa. It is a tremendous waste. So with the help of the fiber objects, if they can
communicate with each other and exchange information about the level of inventory then
they can more effectively ship their products.

But in fact, the philosophical aspect is even more difficult to deal with. Therefore, to un-
derstand each other is so important. For instance, in the case of the United Nations, some-
times they do some commendable deals but in other occasions they are not. For instance,
they easily resort to the forces to resolve the conflict sometimes. In the first place, they
should try to facilitate the mutual understanding of those who are involved in the conflict.

Therefore, I believe information technology and communication technology can make an
enormous contribution in resolving the conflict resulting from the mental aspect, that is the

philosophical, spiritual differences.

Takashi Hamada: Mr. Nishizawa just answered the question. I think that answers is quite
adequate. I agree with him more or less but I like to broaden the scope. The culture is diverse,
that’s the hard fact and no one can deny because of the historical background. And culture
is born out of the localism and the way it is viewed is different from region to region. When
the communication network expands all over the world, without the paradigm shift, such
communication network can only increase the friction.

But sometimes, if the conflict evolves into the issue that can decide the life or death of the
mankind, that is when we are required to make significant paradigm shift through better
communication. In other words, it is not the ethics of the mankind that can determine such an

important question but rather the ethics of the earth is playing a decisive factor and
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paradigm shift can contribute to it.

Mandelbrot: My footnote. I believe that as we should preserve bio-diversity which is a very
important characteristic of our world, we should as much as possible try to preserve cultural
diversity. I believe we have a world rich of different cultures, each of them can contribute to
the progress of mankind as a whole.

The risk we run with the extension of the so-called multi-media digitalized society, is in
position of one dominating culture. For example, the American culture against which I have
nothing but I do not like myself live exactly like an American and I believe you Japanese do
not like to live like Americans and the Americans do not like to live like Japanese or
Europeans. But nevertheless, altogether and together with the developing countries we have
a mix of cultures with different values and it is important to share some basic values that are
essential for the progress of mankind and sustainable development of life in our planet. But
we must do whatever we can to avoid that information society and the diffusion of informa-
tion results in a flattening in a loss of cultural diversity, which would be detrimental to man-
kind.

In other words, cultural diversity is as important in my mind as it is the bio-diversity. We

should protect the cultural bio-genoma of mankind. Thank you .

Reikichi Shirane: Thank you. Is that Mr.Uchida,are you satisfied?

Hirohisa Uchida: Yes, thank you for the answers.

Reikichi Shirane: Any other question or comments? Yes, microphone is on the table.

Yoshida: Yoshida of McMillan Research. T have 2 questions to ask. First question is ad-
dressed to Professor Hamada about the food.

As Professor Colombo stated, it is often said that by 21st century or immediate 21st cen-
tury, the world population would reach 10 billion. By that time we will be flooded with prob-
lems and energy and food shortages are the problems of paramount importance.

And Mr. Nishizawa advocated hydropower and efficient power transmission as a solu-
tion to those problems. As for the food supply, how can we feed 10 billion people? Because
nowadays because of the food production tremendous amount of fertilizer, pesticide and so
on are poured into the farmland and that results in the degradation of the environment, and
at the same time food shortage problem is never resolved.

So how can we feed 10 billion people while living in harmony with environment? What kind
of food can we think of to achieve a breakthrough?

And if time allows, probably the other Panelists can answer this question, that is about
the environmental pollution. It is the consequence of the mass production and mass consump-
tion and about the slowdown policy. In a nut shell by improving the efficiency of energy, for
instance, we should reduce the amount of energy consumed, is that what you mean slowdown
policy?

But if such is the system that you are advocating, Professor Hamada, the environmental
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issues are so complex that they are especially serious in the developing countries or in the
poor population. Because sometimes developing countris and the poor population resort to
some means which are detrimental to the global environment.

So in order to feed 10 billion people, we need to give them the employment, the jobs so
that they can earn enough so that they can eat. So, while providing jobs to 10 billion people
and feed them, how can we implement the slowdown policy? How is it possible? Probably

Professor Hamada can answer this qustion.

Takashi Hamada: Thank you for your questions. I think the question No.1 and No. 2 are in
fact closely inter-related with each other, so I would like to answer in the mass.

The SDP that propose at present does not contain any decisive factor. In other words, we
are still searching for the solution to save the mankind. And by the time the population ex-
plodes, what is the level of sustainable development? That would be the question and we can
estimate probably where we can balance between the development and the population growth.

In terms of the food supply, just like in the case of water and energy, in fact much of the
food is wasted. I don’t mean to offend anybody but in the case of Japan, we are stock piling
the large quantity of food just to prepare for future. And it is not easy to equally distribute
the food but the science and technology made a significant contribution to the transportation
technology.

For instance, that is manifested in development of the shipbuilding industry in Japan.
Likewise; resources are not distributed in the balance fashion. Therefore, again because of
the increase of entropy, we cannot expect the equal or fair re-distribution of the resources.
But in order to realize harmony, developed countries should strive to transfer not only tech-
nology but also goods and food as well. But of course, these are not beneficial to the environ-
ment such as the pesticide. They should not be exported in a large volume but rather we
should try to transport the products and technology that would match the local requirement.

Well, it cannot be very decisive absolute solution as slowdown policy, but at least it can
postpone the advent of the tragedy for some time. In the evolution, the desire and greed of
mankind have developed tremendously but it is the advanced countries, developed countries,
they are required to set a good example in limiting their desire so that the developing coun-
tries would not repeat the failures that we have committed in the past. And that is where the

intellectual property has to be properly shared.

Jun-ichi Nishizawa: I want to be more specific. Suppose that we like eating yellow fin. But in-
stead of yellow fin, suppose that we eat the pray fish that are usually fed to the yellow fin.
Or instead of eating beef, if we eat the grains that are fed to the beef then we can feed more
people. Or instead of slash and burn type of agriculture, if they transform to the stationary
type of the agriculture we think now could be more effective. People are prone to the egoisitic
without the malicious intent and researchers sometimes seek for more fund for their activi-

ties which are not very tangible to the outsiders.

Reikichi Shirane: Yes, Professor Golombo.
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Umberto Colombo: A short comment on that. I believe that first of all, when dealing with the
rate of growth of the economy, we should not make confusion between the rate of growth of
physical consumption or energy and materials and the rate of growth of economy which as
I said earlier, is going to be essentially a growth made out of immaterial goods and services.

So the economy may continue to grow. Employment will shift from being industrial to
post-industrial and we don’t need in the future to forecast a great increase in the consump-
tion of energy and materials. But in order to prepare for the doubling of population, of
course, it is like to see invaded our planet by another planet of the same population as ours.
If we are going to be twice the population we have, we must think that we must provide food,
shelter, transport, clothing for as many inhabitants in the world in addition to the present
population.

So there is no doubt that in order to host a population which is double of the present
population, we would have to be much more efficient in energy and materials utilization and
as it was just said by my colleagues, we will have to shift paradigm also in the way we are
using the food resources.

I believe first of all, we know that if we eat more than 2,000 calories per day, that is not
a great thing for mankind. So God has established by nature that you have to reach a certain
level of calories per day but if you exceed those calories, now then it will not be good for your
health. Now, this is a very important concept, because now we are eating too much and also
we are using a lot of calories to produce proteins of animal type and fats which are not so
very nice for our organism.

So we will have to really remodel our way of life so as to eat the right amount of calories,
the right amount of proteins which can be more vegetal and less animal, less fats, and that
will mean by itself the possibility of accommodating a lot more people in the world than at
present.

So I believe if we want we should not be afraid of life in a world with twice as many peo-
ple as we are now. Of course, if we were to double many all the times, there will be a limit be-
yond which we cannot survive. But I am confident that provided we are wise enough, we can
really feed and keep up with the world of twice as many people without dramatic crisis in the
economy because of the shift towards less material waste of economic growth.

In other words, economic growth will be largely made of less energy and less material

than the type of economic growth we have experienced throughout our lives.

Reikichi Shirane: Thank you very much. Yes?

Koki Horikoshi: Thank you for your valuable comment. My discipline is the biology and it is
said that the in face of the crisis the organism tries to come out with the idea, wisdom to sur-
vive and this to be the evolution or adaptation.

We may be too optimistic but at least the homosapiens is another species or another liv-
ing thing in the world. So I am not very pessimistic. About the food, just like in the case of
gene re-combination, men are conservative. Especially when it comes to food we cannot be
more conservative than others.

And in fact this is inherent in culture or in race. It probably would take enormous
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amount of time if we tried to change the eating habit now that various ideas and concepts are
gradully changing, eventually we may succeed. That is why I am not very pessimistic and in
fact I don’t want to be pessimistic.

You may call me a wishful thinking and some are so pessimistic that they dare to say
horrible things like because of the arrogance of the mankind, the AIDS epidemic started and
s0 on, so probably human are doomed and so on. But I don’t subscribe to that kind of idea.
Against, I am not that pessimistic. It seems to me that some people started to develop the re-
sistance against the HAV.

For instance, the infection rate of the HAV among the commercial sex workers in some
areas is rather low compared to the other areas. So in face of crisis, the living organism tries
to come out with the better idea to survive. Well, this is not a main topic of this symposium
so please don’t criticize me for what I have just said.

Thank you.

Reikichi Shirane: Thank you very much. Dr. Colombo is from Italy and we expected the
Italians eat more than Japanese but I found he doesn’t eat as much as we do. And Mrs.
Colombo enjoyed having noodles and when she was served a foie gras, she didn’t like it. So I
can say as a witness that professor Colombo does not consume much food. And I think he is
doing what he says.

Yes, any other questions from the floor?

Toshiyiki Furukawa: My name is Furukawa from Osaka National Hospital. I would like to
challenge what Dr. Colombo said. We can survive with 2,000 calories and that satisfies the
base metabolism. And with 1,000 calorie we can survive to think. But with rgard to transpor-
tation or air conditioning, we consume tens of thousands of kilocalories. So I must correct
what you have said.

And after that I would like to say NPT, non-prolifertion of nuclear weapons this is the
agreement among nuclear countries. And there are some propositions to charge carbon tax.
I think that is very strange. People who believe in market mechanism, according to my defi-
nition, Malthusian’s population theory is applied to the market. People who believe in market
mechanism promote the idea of carbon tax. The socialist is now coming up if we charge car-
bon tax. In order to take advantage of market mechanism, we have to build up a huge mecha-
nism. So I believe the carbon tax is not a successful idea.

So, I would like to invite Professor Nishizawa. ’

Reikichi Shirane:Dr. Colombo, would you like to respond?

Umberto Colombo: First of all, when I was speaking about calories, I was speaking about
calories in the frame of food problem, not in the frame of calories in general for life and as
far as energy is concerned, I mentioned earlier that I believe that in the future, we must move
from fossil fuels which today represents 90% of the commercial energy which is now used
worldwide and 8194 if include non-commercial biomass which is used in the third world.

So, we must move from fossil fuels towards different kinds of fuels and I mentioned
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renewables and 1 also mentioned as a possible future option, fusion energy because I am con-
fident that nuclear fusion could be developed in such a way as to avoid the proliferation prob-
lems that are typical of nuclear fusion and other problems like danger for big accidents and
waste longlife radioactive waste products. So I feel that in the future, we must look towards
a system that provides us enough energy but of the good type that is made out of renewable
sources or similar to renewable as nuclear fusion.

As far as food is concerned, I have already answered. I believe that there is no limits to
food. Water may become a great problem for the next 2 or 3 decades. The problem of secur-
ing the world the right quantity of water needed for all its real needs and amenities, is going
to be probably the worst problem we are going to be be faced with in the next 2 or 3 decades.

But there are enough ways to cope with these problems provided we know how to put sci-
ence and technology at work. The real problems I feel are not scientific nor technological.
They lay on the political scene on the managerial area. We don’t yet know how to orient all
these forces towards a world governability and towards a world society that is really sus-
tainable. We don’t know yet. That is a main political problem, I am afraid, we cannot I think

the scientists can contribute provided they are asked the right questions.

Jun-ichi Nishizawa: Thank you. I think Dr. Colombo has said what I wanted to say.
Fortunately, T am a scientist. When we try to reduce the consumption of energy by half or if
we get energy by hydyo-power generation, so everything goes into the positive aspect. So I
am not pessimistic. So we are in a fortunate situation. We can secure enough energy by sci-
ence and technology, but you have to consider the inter-relationship, we have to use more
wood materials.

But anyway, what is bottleneck for future development? We have to review and consider
what are the bottleneck for the future development. So in that sense, system science is a very
important challenge for the future. Otherwise, we cannot identify the bottlenecks. So the sys-

tem science may be the answer.
Reikichi Shirane: Are you satisfied? Do you have any further questions? Yes, Mr. Kawasaki?

Masahiro Kawasaki: Thank you very much. I think all the Panelists have talked but there is
something which I do not understand. You said paradigm shift is necessary. But what is the
direction towards the paradigm shift? I think there should be several options for our para-
digm shifts.

Especially, what Dr. Colombo has said and what Dr. Horikoshi said that he need to pre-
serve bio-diversity, that is symbiosis of the various kinds of diverse things. Is that the objec-
tive of paradigm shift?

Mr. Furukawa said that most of the systems is based on the market mechanism and we
have achieved a lot of results by science and technology, but diffusion of science and technol-
ogy is very difficult because there is a bottleneck in the distribution. So for everbody to.enjoy
the result of the science and technology and if that is the objective of paradigm shift, system
approach may be necessary. But where do we start in paradigm shift? Which is the area we
should start with?
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Umberto Colombo: I think the purpose of paradigm shift is to secure sustainable develop-
ment, that is a develoment, a type of development that satisfies the needs of the present gen-
eration without jeopardizing, without damaging the future generations to satisfy their own
needs. That is the definition given by the Bruntland Commission that wrote the famous report
in 1987.

Now, given this paradigm, then we must work and the problem is that the market econ-
omy, the market mechanism which is by far superior to the communist or the centrally
planned economy as shown by defeat of the Soviet Empire.

Well, the market economy is not without its own defects. The market economy tends to
priviledge, the short term. If you look at any ecoomic journals such as Business Week or
Fortune or Wall Street Journal, you will immediately notice that companies are judged ac-
cording to the results of the last 3 months, not even of the last year, and the forecast for the
next 3 months. The market is very clever in being an immediate instrument of evaluation. But
the market is not clever enough to forecast future needs, future problems. The market is a
short term, short range instrument. And this is the dilemma of our society.

We have defeated communism, because communism which promised to give happiness to
the world and also promised to take care of the future by the 5-year plan, did demonstrate
that not only was not able to plan for the future but it was not even been able to manage the
present. And we are left with the market which is an imperfect weapon I am afraid.

And so the problem we have in our world is how to correct the mechanisms of the mar-
ket, how to superimpose to useful instrument. Something which allow us to think more long
range into the long-range future and wider thinking of the whole planet. Because if we think
of ourselves and forget what happens in the other countries, we will be confronted with big
migrations, we’ll be confronted with phenomena and unrest that expanding through televi-
sion and becoming present‘ to our eyes in real time will determine a great deal of dismay

throughout the world.

Jun-ichi Nishizawa: Yes, you have to identify the bottleneck as soon as possible. I think that
is the first thing to do. So you have to identify the bottleneck first. Sorry, I should not have
referred to Japan but CFC, that we have spray with CFC, what should we do? We have read-
ers contributing to the newspapers, so many bureaucrats at the MITI say why don’t you use
it because we do not have any rules.

So this reader who happens to live in Sendai and I respect him very much, he tried CFC
from automobiles and he asked the manufacturer to collect them. But the manufacturer said
no, and he just collected CFC. But recently, manufacturers started the collection of CFC. Our
ministry said there is no regulation, you can use it but that can happen quite often. There are
many reasons for such unreasonable behavior. But sometimes you should do this but you do
not do it because there is regulation.

Because there is a sort of vested interest in the people so people just try to avoid to de-
prive of vested interest from the people but if corporations have a long term view and try to
collect CFC then they will lose their competitiveness with other companies, but it is very hard
to be an initiator. But the first step you should take is to identify the bottlenecks, and minis-

tries should realize what are the important bottlenecks and the scientists or engineers should
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identify those bottlenecks and show the basis for that, endorsing factors.

Reikichi Shirane: Time is rather limited. Anybody elso who would like to ask questions, that

will be the last question. Would you please identify to whom you are asking your question.

Osamu Yamamoto: Maybe this is to Dr. Colombo or Dr. Mandelbrot. Maybe to Dr.
Mandelbrot, please. President Nishizawa or Professor Hamada have repeatedly said that
there is a limit to human désires and ambitions and that people continue to use material. And
that Mr. Hamada said controlling the physical or psychological aspects, he said something
about that. For us Japanese it is easy to understand and it sounds all right. But what about

the people in Europe? How would they accept this school of thoughts?
Reikichi Shirane: Professor Mndelbrot, perhaps you would like to comment?

Benoit Mandelbrot: Well, I am sorry I didn’t quite understand your question. Between
Japanese and Europeans I was raised in the environment in which waste was just as despica-
ble, incomprehensible as description made for Japan. Waste was not something which was
brought to my culture at all.

My wife never throws away anything. Because that will be waste. In other words, the dif-
ferences between Europe and Japan on this account, I think, is influenced by the contrast be-
tween conspicuous consumption of Americans after World War 1l, and the poverty of other
countries, it was a very passing situation.

I think there is much less waste now in the United States also. Almost visibly one sees
less waste as time goes on. Therefore, the cultural differences should be always remembered
and I hope certainly agree about the importance of not forgetting that people are different
and I also believe that preserving variety of culture is very important.

But on certain basic features, the differences are smaller than it may seem. I remember
somebody telling me, well, Frenchmen are very wasteful, we, the careful German housewives
never throw things away. Well, French housewives don’t throw away that easily. So, in his
sense the differences were not so great. It is perhaps a matter of one passing generation
which waste was favored by public policy or pricing of taxes on paper or taxes on boxes or
publicity for having boxes in boxes and boxes. But this is a very, very recent and therefore
probably shallow development.

I think that this matter of sustainability is a mass problem but not quite difficult as it
would appear by comparison with the most conspicuously wasteful Americans of one par-

ticular conspicuous period.

Jun-ichi Nishizawa: I think this cannot be forced upon. One needs to get people to under-
stand. The Catholic lives I think also see this. It’s a matter of spirituality. Maybe the repre-
sentation was not well presented but I think to a certain extent both East and West do under-

stand and share the common understanding.

Reikichi Shirane: Thank you very much. I think we would like to continue this discussion, but
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time is coming to close.

I think we could continue like this and it is my duty that I am supposed to summarize the
discussion that took place here. But I think it is going to be a very difficult task for us.

I think that the topic in 1920s and 1930s, the new generation of those days also considered
paradigm shift and in fact the paradigm shift is indeed an important issue for our generation.
As Professor Mandelbrot said, eyes are important pictures when it comes to literacy what
paradigm shift would take place. Literacy is an important issue. I am sure that there will be
a major paradigm shift when visual comes into literature.

So there is also paradigm shift which we see with the generation shift and there are also
countries which have been so-called developing countries will also have to consider a para-
digm shift together with the developed éountries. This again is also an important aspect of
the paradigm shift.

Multimedia is very much talked about today. If you take this in the context of developed
countries, I think we may make a serious mistake. But if we also take into considertion de-
veloping countries’ literacy, their ability to read and write, a leaprogging could be achieved
by introducing letters and pictures or other audio visual methods or if you use a multimedia
in the education, we can leapfrog and do it in a much shorter period of time rather than what
1t would take in a hundred years.

So it would be commonly accepted what has been accepted as unknown will change and
we may realize that paradigm shift has in fact taken place.

We have discussed about the Paradigm Shift in the 21st Century from the perspective of
the distinguished figures from the different discipline. For me it was a very easy task because
we had distinguished Panelists.

This will conclude the Panel Discussion session.

Thank you very much.
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